Increasing numbers of studies have recently used stable isotopes of nitrogen ( 15 N) and carbon ( 13 C) to clarify the source of nutrients in lake water and sediments, the structure and energy flow of food webs, the bioaccumulation and biomagnification of hazardous chemicals in aquatic animals, and temporal trends in lake environments. In lake research in particular, the analysis of 15 N and 13 C is a powerful tool in analyzing the structure of the food web and energy flows, as well as the bioaccumulation and biomagnification of toxic chemicals in aquatic animals. Furthermore, the integration of data on food webs, stable isotope ratios, and environmental geochemistry can be useful in evaluating the risks of exposure to environmental contaminants. It is hoped that further research on lake environments using stable isotopic methods can be performed with the aim of conserving water quality and aquatic ecosystems.
I. Introduction
Lake water is clearly different from river water and groundwater in that the water body is stagnant and contains a high degree of biological activity because of its exposure to insolation. For this reason, lake nutrient levels are readily increased, and the composition of sediment cores, which reflects past environmental settings and climate modes, is generally well preserved under the relatively stable conditions and low levels of disturbance within lake settings. and carbon ( 13 C) to clarify the source of nutrients in lake water and sediments, the structure and energy flow of food webs, the bioaccumulation and biomagnification of hazardous chemicals in aquatic animals, and temporal trends in lake environments. Stable nitrogen and carbon isotope data, combined with biogeochemical and physical information, provides useful data in undertaking research into lake environments.
II. Identifying the sources of dissolved nitrogen
Clarifying the source of nutrient pollution is 209 Studies of lake environments using stable isotope ratios of nitrogen ( Organisms preferentially use the lighter isotopic species because of the lower energy "costs" associated with breaking the bonds in these molecules; this results in significant fractionation between the substrate (relatively heavy) and the biologically mediated product (relatively light) (Kendall, 1998 (Wada and Hattori, 1976; Peterson and Fry, 1987 The general hydrological budget for a lake system is written as
where V is the change in storage; P is precipitation; Si is surface inflow, including any overland runoff; Gi is groundwater inflow; ET is evapotranspiration; So is surface outflow; and Go is groundwater outflow (Walker et al., 1998) .
Accordingly, lake water consists of groundwater, surface flow, precipitation, evapotranspiration, and biogeochemical processes within the lake basin. 
III. Food wed analysis
There is considerable interest in the use of 210 IIZUMI the stable isotope ratios of nitrogen and carbon in evaluating the structure and dynamics of ecological communities (e.g., Peterson and Fry, 1987; Kling et al., 1992; France, 1995; Vander Zanden et al., 1999a; Post et al., 2000; Beaudoin et al., 2001) . The stable isotope ratios of organisms provide an averaged "picture" of feeding habits over significant periods of time corresponding to the turnover times of organic carbon or nitrogen; in contrast, traditional stomach content analysis provides just a "snap-shot" of the feeding habits of organisms (Fry and Arnold, 1982) .
The use of stable isotope analysis in studies of animal ecology is founded on two central assumptions: (1) stable isotope ratios in consumers are proportional to those in their putative diet, and (2) differences in isotope ratios exist among the food sources available for consumers (Jardine et al., 2006) . Carbon isotope shows considerable isotopic change during fixation by primary producers, while nitrogen isotope shows considerable change when processed by consumers; therefore, the combined analysis of these two isotopes enables the study of the different energy flow processes that shape the structure and function of food webs (Jardine et al., 2006) . Unfortunately, it is difficult to capture the complexity of trophic interactions in ecological communities and details of omnivorous feeding behavior (Paine, 1988; Polis and Strong, 1996; Persson, 1999; Vander Zanden and Rasmussen, 1999) and to solve the problem of how to track energy or mass flow through ecological communities if all trophic links are to be of equal importance (Paine, 1988; Hairston and Hairston, 1993; Polis and Strong, 1996; Persson, 1999; Vander Zanden and Rasmussen, 1999) . ; Post, 2002; McCutchan et al., 2003) .
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13
C is the trophic shift for C (typically assumed to be 0.0 ), and k is the proportional contribution of source A to the growth of the consumer (McCutchan et al., 2003) .
For three important food sources, the relative contributions are estimated following the assumptions of a three-source mixing model (Peterson and Howarth, 1987; Phillips, 2001 ).
In Lake Baikal, Russia, there exist two major primary producers-benthic plants and phytoplanktonwith contrasting
C values (Yoshii, 1999) . In this case, the ratio of food sources of each benthic (Kidd et al., 1995a; Dominguez et al., 2003) . The highest concentrations of contaminants such as heavy metals and/or hazardous organic compounds are commonly found in those fishes that occupy the highest trophic level (Rasmussen and Rowan, 1990; Power et al., 2002) .
In 1991, it was reported that the lake trout (Salvelinus namaycush) and burbot (Lota lota)
from Lake Laberge, one of the Yukon lakes in Canada, were contaminated with amounts of toxaphene and other lipophilic contaminants that were several times greater than those in the same species from other subarctic and arctic lakes and rivers (Muir et al., 1990; Kidd et al., 1993) . Kidd et al. (1995a) analyzed the food-chain organisms, water, and sediments of Yukon lakes for toxaphene to distinguish between the "surreptitious dumping"
and "food-chain length" hypotheses. (Lockhart et al., 1995; Downs et al., 1998) , and elevated levels of Hg have been measured in fish from lakes in these regions (Björklund et al., 1984; Håkanson et al., 1990; Bodaly et al., 1993) . The high biomagnification rates of subarctic lakes and the heavy reliance of aboriginal North Americans on such lakes makes it necessary to undertake additional studies of the dynamics of the accumulation of organic and inorganic contaminants in the food webs of subarctic lakes.
Among-and within-lake variability in the Hg levels of top consumers is affected by food chain length and individual growth rates and age (Kidd et al., 1995b) . Kidd et al. (1995b) 
V. Paleolimnological studies
Nitrogen and carbon stable isotope ratios in sediment organic matter can be used as proxy indicators of historical changes in the trophic state of lakes, which in turn reflect environmental changes in the catchment and lake basin (e.g., Hollander and Haven, 1992; Wu et al., 2004 Wu et al., , 2006 .
As trophic state increases, the 13 C values of sediment organic matter also increase (Hodell and Schelske, 1998; Teranes and McKenzie, 1999) .
High levels of primary production caused by lake eutrophication may lead to depleted levels of Analyses of pollen and plant macrofossils provide information on vegetation assemblages at high taxonomic resolution (Birks, 1993; Battarbee, 2000) ; however, the species characteristics of seed production and pollen representation mean that it is difficult to determine the quantitative composition of past aquatic vegetation. In contrast, approaches based on bulk organic matter (e.g., 
